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^= (54) TlUe: SPHERICAL REFLECTIVE SCREEN WITH FOCUS AND METHOD FOR MANUFACTURING THE SAME 

(57) Abstract: Disclosed are 
a spherical reflective screen for 
displaying an image and a method 
for manufacturing the screen. The 
screen has a spherical surface with 
a radius of curvature of a circle 
drawn centering around a point, 
and a focal length of the screen is 
the same as a projection length of 
a projector so that the projector 
is located at a focal point of the 
screen, thus allowing the image 
formed by means of light projected 
from the projector to be straight! y 
reflected on the screen but ambient 
light to be diffused to the outside. 
A frictional surface and diffusing 
lines are simultaneously formed 
on an aluminum foil by rubbing 
the double-layered aluminum foils 
together in one direction, therefore, 
viewing angle and resolution of the 
screen are improved two times or 
more. 
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SPHERICAL REFLECTIVE SCREEN WITH FOCUS AND METHOD FOR 
MANUFACTURING THE SAME 

Tedmical Field 

The present invention relates to a SCTeen for displaying an imagp with a high 
lummance and a reflectivity of more than 10%, ten times as much as the reflectivity (i.e., 1%) of 
a conventional screen, and more particularly to a screen for displaying, which directs toward the 
viewers only light (image) projected from a projector disposed at a focal point of the screen an5 
reflects off-axis light and defuses ambient light so that 10 times higher luminance is performed 
on the screen. The surface material of screen of the present invention consists of double-layered 
aluminum foil, on which friction face and diffusion lines are formed along the scanning 
lines. From mbbing the material's friction and diffusion face, the screen of the present invention 
gets 10-45% reflectivity so that it performs 10-45 times brighter and 2 times higher diffusion 
effect than the conventional screen. The screen of the present invention has improved as well 2 
times or more in viewing angle and 10-^20 times in resolution. Also, this invention relates to a 
method of manufacturing the screen. 

Background Art 

20 

As shown in Fig. 1, a conventional diffusion type plane diffusing screen 10 is 
configured such that li^t incident on the screen 10 is diffused in all directions. An image 
formed on the screen 10 is even, but has a reflectivity of 1% (generally, referred to as "1 gain"), 
thus being dark. Since the light incident on the screen 10 is diffused in all directions, the screen 
25 10 acts on light from all directions. Accordingly, the screen 10 has a reduced resolution due to 
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ambient light from all directions. 

As shown in Fig. 2, a plane reflective screen 20 with an improved surfece reflectivity is 
configured sudi that light projected from a projector is inddent on the screen 20 at an incident 
angle (Z A) and then reflected from the screen 20 at a reflection angle (ZB) same as the incident 
5 angle (Z A), thus allowing a viewer to watch an imagp formed on the screen 2 in the range of C 
obtained by the reverse aiigle of the reflection angjie ( Z B). 

That is, a hot spot is formed in the range of C. As shown in Fig. 2, the imagp displayed 
on the saeen 2 is bright only at a central portion, but is dark at other peripheral portions, thus 
being invisible at the peripheral portions. In case that the surface reflectivity of the screen 2 is 
1 0 ina:eased, the hot spot become brighter. On the other hand, in case that the surface reflectivity of 
the screen 2 is decreased, the hot spot will becomes darker and enlargpr. 

Further, in case that the surface reflectivity of the screen 2 is high, a screen having a non- 
spherical shape caimot display an image with even liuninance, thus displaying uneven spots 
thereon. Farther, since the screen having a non-spherical shape does not form an exact focus, 
1 5 this non-spherical soeen caimot be used in a device requiring a high luminance. 

However, all spherical screens cannot increase the luminance of screens. Only when a 
spherical screen comprises an optical element such as lens and a reflective surface, a screen can 
obtain an image with even Itmiinance and high reflectivity over the whole surface of the screen. 

Accordingly, there is required a method for forming an optical constitution and a 
2 0 surface reflectivity suitable for the stmcture of the screen. 

Further, since the luminance of a screen is inversely proportional to the viewing angle 
of a screen, when a screen displays an image with a high luminance, the viewdng angle of the 
screen is narrowed. Hie screen with the narrowed viewing angle caimot be effisctively 
operated. Accordingly, there is required a spherical screen, which can display an image with a 
2 5 high luminance at a wider viewing angle. 
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Discosure of the Invention 

Therefore, the present invention has been made in view of the above problems, and it 
5 is an object of the present invention to proAdde a spherical reflective screen, which displays an 
imag^ having a even and high limiinance with an improved reflectivity so that the viewing 
angle and resolution of the screen are improved more than^^o times, and a method for 
manufacturing the spherical reflective screen. 

In accordance with one aspect of the present invention, the above and other objects 
10 can be accomplished by the provision of a spherical reflective screen for displaying an image, 
comprising: 

a spherical surface with a radius of curvature of a circle drawn centering aroimd a point, 
and including a flictional surface and diffusing lines formed on one side of an aluminum foil by 
mbbing the aluminum foil, 

1 5 wherein a projector is located at a focal point of the ^herical surEstce so that the screen 

displays an image with a high luminance and an improved resolution at an improved viewing 
angjie. 

In accordance with another aspect of the present invention, there is provided a method 
for manufacturing a spherical reflective sa:een for displaying an image, 
2 0 wherein a £rictional surface and diffusing lines are formed on aluminum foil by mbbing 

two aluminum foils together in a longitudinal or lateral direction, and the aluminum foil provided 
with the frictional surface and the diffusing lines is bent so that the aluminum foil provided with 
the Motional surface and the diffusing lines has a designated radius of curvature and serves as the 
spherical surface of the screen. 

25 
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Brief Desajption of the Drawings 

The above and other objects, features and other advantages of the present invention 
will be more clearly understood from the following detailed description taken in conjunction 
5 with the accompanying drawings, in which: 

Fig. 1 is a schematic view of conventional plane diffusion screen; 
Fig. 2 is a schematic view illustrating a hot-spot phenomenon occurring on a plane 
reflective soreen; 

Figs. 3a to 3c are schematic views of a spherical mirror, and more specifically: 
10 . Fig. 3a is a schematic view of the spherical mirror onto which light at a position 

outside the tang^ of a focus is projected; 

Fig. 3b is a schematic view of the spherical mirror onto which light in the range of the 
focus is projected; and 

Fig, 3c is a schematic view of the spherical mirror onto which light at a position inside 
15 the range of the focus is projected; 

Fig. 4 is a schematic view of a reflective screen in accordance with the present 
invention; 

Fig. 5 is a schematic view illustrating diffusing lines of the reflective screen in 
accordance with the present invention; 
20 Fig. 6 is a schematic view illustrating a process for forming a diffusing lines and a 

factional surface on the reflective screen in accordance with the present invention; 

Fig. 7 is a schematic view illustrating a method for manufacturing a spherical firame; 
Fig. 8 is a schematic view illustrating a step of forming the spherical shape of an 
aluminum foil during a process for manufacturing the reflective screen in accordance with the 
2 5 present invention; 
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Fig. 9 is a schematic view illustrating a method for manufacturing the reflective screen 
in accordance with the present invention; 

Fig. 10 is an enlarged photograph of an aluminum foil obtained by the present 
invention, as seen through a microscope; 
5 Fig. 11 is an enlarged photograph of a conventional alxmiinum foil, as seen through a 

microscope; 

Fig. 12 is a photograph illustrating the resolution of a spherical screen with difiEusing 
lines formed thereon; and 

Fig. 13 is a photograph illustrating the resolution of a spherical screen without 
10 diffusing lines. 

Best Mode for Carrying Out the Invention 

Now, preferred embodiments of the present invention will be described in detail with 
1 5 reference to the annexed drawings. 

As shown in Fi^. 4 and 5, a spherical screen 1 of the present invention comprises a 
reflective surEace having a spherical shape (R) with a radius of curvature (Rl) of a circle drawn 
centering around a point (R2). 

The reflective surface of the screen 1 has a reflectivity of 10% at the minimvun to 45% at 
20 the maximum, and preferably 10% to 30%. However, the reflective surface of the screen 1 is 
not limited thereto. 

In case that the reflectivity of the reflective surface of the screen 1 is less than 10%, the , 
screen 1 cannot obtain a desirably high luminance. On the other hand, in case that the 
reflectivity of the reflective surface of the screen 1 is more than 45%, it is difficult to perform the 
2 5 following procedure for forming diffusing lines 6 and a Motional surface 5 on an aluminum foil. 
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That is, the reflectivity of the reflective suiface of the soeen is limited in the rangp of 10% to 
45%. Here, the reflectivity of 10% to 45% means that a screen luminance index is 10 to 45 gain. 

A focal point (F) is formed at a central point of the radius of curvature from the point 
(R2) to the reflective surface of the spherical screen 1. A distance from the focal point (F) to the 
5 reflective surface of the spherical screen 1 is referred to as a focal length. 

A projector 7 is located at the focal point (F). 

A projection length (Fl) of the projector 7 is the same as the focal length of the sca^een 1 . 
As slio\yn in Fig. 3b, ligjiit from the projector 7 located at the focal point (F), which is 
' incident on the spherical surGace is straightly reflected on the spherical surface (R). Then, a 
10 viewer can watdi a formed image in the range of CI obtained by the inverse angle of the 
reflection angle. 

As shown in Fig. 3c> ligjit from the projector 7 located in the front of the focal point (F), 
which is incident on the spherical surface (R), is reflected on the spherical surface (R) at an 
increased an^e, thus causing a hot spot phenomenon. 
15 As shown in Fig. 3a, light from the projector 7 located in the rear of the focal point (F), 

which is incident on the spherical surface (R), is reflected toward the focal point (F), thus causing 
the visual angle (A) to be narrowed. 

The above-described cases relate to a spherical mirror with a reflectivity of 100%. The 
screen of the present invention has a designated reflectivity and difi&ising coefficient. In order to 
2 0 obtain optimized effects of improved viev^g ang^e and resolution, since the hot spot is generated 
in proportion to the diffusing coefficient, the focal length from the focal point (F) to the reflective 
surface of the scrcen must be the same as the projection length (Fl). 

As shown in Figs. 4 and 6, the reflective surface of the spherical screen 1 includes a 
factional surface 5 with a designated reflectivity and a pluraUty of diffusing lines 6 arranged in a 
2 5 lateral direction formed by mbbing two aluminiun foils 3 together. The diffusing lines 6 serve as 
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difiusing suifaces. Tlien, a protective surface 2 is formed on the inner sides of the firictional 
surface 5 and the diffusing lines 6, and a supporting plate 4 made of plastic is attached to outer 
sides of the firictional surface 5 and the diffusing lines 6. 

Here, the protective surface 2 is formed by coatmg silicon or acrylic resin on the iimer 
5 side of the firictional sinf ace 5 and diffusing lines 6. Silicon or acrylic resin is not an obstacle to 
the light projection of the projector 7. 

The protective surface 2 of Fig. 6 maybe formed by attaching a thin sheet rnade of 
Teflon to the outer sides of the firictional surface 5 and the dijQ[using lines 6. 

Teflon is not easily contaminated by external dust, has a high hardness and a hig^ 
10 resistivity to foreign substances, thus forming.a solid screen surface. Further, fine laterally curved 
lines are formed on the screen surface in a longitudinal direction and then laterally overlapped, 
thus remarkably increasing the visual an^e of the screen. 

The screen of the present invention is characterized in that the diffusing lines 6 are 
formed on the soeen so as to obtain the desired viewing angle of the screen and the frictional 
1 5 surface 5 is formed on the screen so as to obtain the desired reflectivity. 

Hereinafter, a method for manufacturing the above-described surface of the aluminum 
foil 3 provided with the diffiising lines 6 and the firictional surface 5 will be described in detail. 

That is, the diffusing lines 6 and the fiictional surface 5 are formed on the aluminum 
foils 3 and 3A by mbbing left and right aluminum foils 3 and 3A against each other and by 
2 0 transferring the left and right aluminimi foils 3 and 3A between left and right upper rollers 9 and 
9A and between left and right lower rollers 11 and llA in rolling the aluminum foils 3 and 3A. 
Here, the diffusing lines 6 are formed on the aluminum foils 3 and 3A in the direction of the 
applied fiiction so that the fiictional surface 5 can have a reflectivity of 10% to 45% by adjusting 
pressure applied by left and right pressure rollers 10 and lOA. 
25 TTiat is, the fiictional surEace 5 with a reflectivity of 10% to 45% shown in Fig. 10 is 
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obtained by adjusting the pressure applied by tbe left and right pressure rollers 10 and lOA. 

In case that the reflectivity of the factional suifece 5 is less than 10%, the screen cannot 
have hi^ luminance efiSdency. On the other hand, in case that the reflectivity of the factional 
surface 5 is more than 45%, the depths of the scattering lines 5 and the fiictional surface 5 are 
reduced in the above rubbing procedure. 

Fig. 10 is a photograph of the Mctional surface 5 with a reflectivity of 25% obtained by 
rubbing the aluminum foil 3 with a thickness of 20 - 100 micron, preferably 50 mioon by the 
above-described procedure, which is enlarged hundred times using a monitor mioroscope. Here, 
the diffusing lines 6 with a thickness of 10 micron are overlapped, thus allowing the saeen 
provided with the frictional surface 5 and the diffusing lines 6 to have a viewing angle of 6GP. 

Fig. 11 is a photograph of the aluminum foil 3 obtained by a conventional rolling 
procedure without the use of the above mbbing procedure. Here, the alimiinum foil 3 does not 
have scattering lines. 

Such an alimiinum foil 3 obtained by the conventional rolling procedure has a 
reflectivity 25% as same as that of the Mctional surface, but has a viewing angle of less than of 
30°. Accordingly, it is difficult to practically use the aluminum foil 3 without diffusing lines as a 
material of the saeen 2. 

For reference, light was projected onto the reflection surface of the screen of the present 
invention using a projector made by SANYO in Japan (Model No. plc-xp 41k), and the 
luminance of the screen was measured by a luminance measuring apparatus made by MINOLTA 
in Japan (Model No. LS-110), 

Hereinafter, a method for manufacturing the alimiinum foil provided with the above- 
described diffusing lines 6 and fiictional surface 5 will be described in detail. 

As shown in Fig. 7, an abrasive compound 33 is supplied onto one surface of a member 
having a desired radius of curvature (R) required by the spherical screen 1, and then the surface of 
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the member is polished using a rotating abrasive plate 31 with the radius of curvature (K). 
Thereby, a spherical firame 33 with the radius of curvature (R) is obtained. 

As shown in Fig. 8, one surfece of the aluminum foil 3 is pressed onto such a spherical 
firame 33, thus allowing the aluminum foil 3 to have the radius of curvature (R). 

As shown m Fig. 9, the support plate 4 made of plastic is attached to the other surface of 
the aluminum foil 38 with the radius of curvature (R). Thereby, the spherical screen 1 is 
completely manufactured. & 
As shown in Fig. 4, the spherical surface (R) of the screen 1 has the radius of curvature 
(Rl) of a circle drawn centering around the point (R2), thus allowing the screen 1 to have proper 
optical characteristics and reflectivity and locating the focal point (F) at a proper position. 

The relation between the focal length (F') and the length (JSJ) of the spherical surface 
(R) is represented by an equation of F'=R'/2, 

Further, the relation between the projection length (Fl) of the projector 7 and the focal 
length (F) is represented by an equation of F1=F\ 

More spedfically, for example, in case that the screen 1 has the size of 100*', the 
projection length (Fl) of the projector 7 is generally 4.5m. 

In this case, since the relation between the projection length (Fl) of the projector 7 and 
the focal length (F') is represented by the above equation of F1=F*, the projector 7 is separated 
fiom the screen 1 by the distance of 45m. Then, since the relation between the focal length (F') 
and the length (R') of the spherical surface (R) is represented by the above equation of F'=R'/2, 
i.e., R'=2F, the length (R') of the spherical surface (R) is 9m. 

Since the diffusing lines 6 shown in Fig. 6 are laterally formed on the ftictional surface 
5, the lateral diffusing rate of light on the screen 1 is two times as high as the longitudinal 
diffusing rate of light on the screen 1. 

Accordingly, compared to the conventional screen, it is possible to inaease the viewing 
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angle of the soeen 1 two times or more as broad as the longitudinal viewing angle of the screen 1 . 

Hie above light diffusing removes the ocxnarrence of a hot spot due to the straight 
reflection shown in Hg. 4, thus aUowing the screen 1 to display an image with a unifonn 
luminance and increasing the viewing angle of the screen 1. The viewing angje is an essential 
factor required in the screen 1. 

The spherical screen 1 of the present invention is configured so that the screen 1 receives 
light projected only from the projector 7 located at the focal point (F), and then displays an image 
using the received 11^ via the whole surface of the saeen 1, but diffuses other external 
interfering light to the outside. Accordingly, the image displayed on the screen 1 is not 
injauenced by external interfering light even in a bright space. Further, as a result of a test using 
a contrast pattern represented by the diffusing lines 6, the resolution of the image displayed by the 
screen 1 of the present invention is improved to two times as much as that of the conventional 
screen. 

For example, as shown in Fig. 12, the spherical screen 1 provided with the dif6ising 
lines 6 has a high resolution so that even a letter in the size of a 4-point in an image displayed on 
the screen 1 is distinguishable. On the other hand, as shown in Fig. 13, the conventional 
spherical s^een without diffusing lines has a relatively low resolution so that a letter to the size of 
a 10-point in an ima^ displayed on the screen is distinguishable. 

Accordingly, the resolution of the spherical screen 1 of the present invention provided 
with the diffusing lines 6 is improved more than two times as much as that of the conventional 
screen. 

Industrial Applicability 

As apparent firom the above desaiption, the present invention provides a spherical 
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reflective screen, which displays an ima^ having a high luminance with a reflectivity of 10% 
to 45% and forms an image by means of only light projected from the projector located at the 
focal point of the spherical surface of the screen, thus enlarging the viewing angle of the screen 
more than two times via the fine diffusing lines laterally formed on the screen and improving 
the resolution more than two times via the contrast pattern represented by the diffusing lines. 

Further, the present invention provides a method for manufacturing a spherical 
reflective screen with improved viewing angle and resolution, which displays an image with a 
high luminance by forming a frictional surfiace and diffusing tines on an aluminum foil obtained 
by rabbing two aluminum foils together, so that the luminance oStained due to the reflectivity of 
the surface of the saeen, and the lateral viewing angle and the resolution of the sareen obtained 
due to the diffusing lines are improved, and by bending the aluminum foil provided with the 
j&ictional surfece and the diffusing lines so that the aluminum foil provided with the fiictional 
surface and the diffusing lines has a designated radius of curvature and serves as the spherical 
surface of the screen. 

The SCTeen of the present invention may be widely and effectively used as an 
educational screen for providing a clear image with a high resolution in a bright classroom, a 
conference screen for providing a dear ima^ in a bright office room without the use of a curtain, 
and an advertising screen in a bright public place. 

Although the preferred embodiments of the present invention have been disclosed for 
illustrative purposes, those skilled in the art will appreciate that various modifications, additions 
and substitutions are possible, without departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. 
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Qaims: 

1. A spherical reflective screen for displaying an image, comprising: 

a spherical surface with a radius of curvature of a circle drawn centering around a point, 
and including a frictional surface and diffusing lines formed on one side of an aluminum foil by 
mbbing the double-layered aluminum foils, 

wherein a projector is located at a focal point of the spherical surface so that the screen 
.displays an imagp with a high luminance and an iinproved resolution* at an improved viewing 
angle. 

2. The spherical reflective screen for displaying an image as set forth in claim 1, 
wherein the q)herical surface of the screen further includes a protective surface made of 

a Teflon-made thin sheet attached to the surface of the aluminum foil. 

3. A method for manufacturing the spherical reflective screen for displaying an ima^ as 
set forth in daim 1, 

wherein the frictional surface and the diffusing lines are formed on the aluminum foil by 
rubbing the double-layered aluminum foils togpther in a longitudinal or lateral direction, and the 
aluminxmoi foil provided with the frictional surface and the diffusing lines is bent so that the 
aluminum foil provided with the factional surface and the diffusing lines has a designated radius 
of curvature and serves as the spherical surface of the screen. 

4. The method for manufacturing the spherical reflective screen for displaying an image 
as set forth in claim 3, 

wherein a supporting plate made of plastic is attached to the other surface of the 
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aluminum foil provided with the ftictional surface and the diffusing lines after the aluminum foil 
is bent by pressing the aluminum foil onto a spherical fiame so that the aluminum foil has the 
designated radius of curvature. 

5. The spherical reflective screen for displaying an imagp as set forth in claim 1, 
wherein the spherical surface of the soeen has a reflectivity of 10 to 45%, 
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WHAT IS CLAIMED IS: 

1, (CaoceUed) 

2, (CanceUed) 

3, (Ameodcd) A method for mamifiEicturing the spherical reflective screen fi>r 
displaying an inmge^ 

wfaeiein the jEdctiooal siir&ce and the diffiising lines are formed on the 
aluminum foil by loHiing or rubbh)g the double-layered aluminum foils together hi a 
longitudinal or lateral direction, and the aluminum foil provided with the ftictional 
9ur&ce and the difiusing lines is bent so that the alimiimmi foil provided with ihe 
fictional sujdGace and the difiEustog lines ba^ a designated radius of curvature and s^es 
as the spherical snr&ce of the scre^ 

4. (Cancelled) 

5. (CanceUed) 

6. (Added) A spherical reflective screen for di^laying an image as set fordi in claim 

3, 

A^erein the spherical sur&ce of tbe screen includes a protective surface made 
of silicon* acryUc resin or thin Teflon sheet attached to the surfoce of the aluminum foil. 



14 



wo 2004/092824 




PCT/KR2004/000876 



STATEMENT UNDER ARTICLE 19 (1) 



ClatoSi I Bfld 2 are cancelled, claim 3 has beett axnenxled, claims .4-5 
ate cancelled, and clatex 6 is added. The puipose of fliese amendioeiits is to 
deal the scope of ibe claimed inventloii. These amendments should have no 
^Eect on. the description and diawh:^. 
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